University ofLondon smNopsis A series of 34 cases of embryonal sarcoma and embryonal rhabdomyosarcoma of the orbit has been placed histologically into three groups according to their maximum degree of differentiation at any stage: (a) embryonal sarcoma, (b) non-striated embryonal rhabdomyosarcoma, and (c) striated embryonal rhabdomyosarcoma. The patients were then followed up. This paper presents a summary of the clinical course of the whole series and an account of eight typical cases; the age and sex incidence and survival rates are shown and the histology, treatment, and prognosis are discussed.
Attention was first directed towards the importance of rhabdomyosarcoma of the orbit by Reese and Calhoun in 1941 , and since that time the condition has been recognized with increasing frequency (Forrest, 1949; Stobbe and Dargeon, 1950; Eibergen, 1952; Stout, 1953; Paufique and Etienne, 1955; Lederman, 1956; Blodi, 1956; Slem, 1957; Blaxter and Smith, 1958; Horn and Enterline, 1958; Vanneste and Bernolet, 1958; Farra, 1959; Frayer and Enterline, 1959 ; Moore and Grossi, 1959; Hervouet, Francois, Dabov and Lenoir, 1960; Santino, 1960; Shafto, 1960; Offret and Haye, 1961; Iliff and Ossofsky, 1962; Spaeth and Cleveland, 1962; Porterfield and Zimmerman, 1962) . Over 100 cases have now been reported, the largest series consisting of 55 cases (Porterfield and Zimmerman, 1962) , and it has become apparent that rhabdomyosarcoma is not only the commonest primary malignant tumour of the orbit in childhood, but that the orbit is also the commonest site of this neoplasm (Frayer and Enterline, 1959; Porterfield and Zimmerman, 1962) .
As originally pointed out by Bard (1885) and subsequently by many other workers, rhabdomyosarcomata may be roughly grouped into two main categories, (a) adult forms and (b) embryonal forms. In the first group the neoplasm arises from voluntary muscle and is therefore correctly classified histogenetically as a rhabdomyosarcoma. Typically it occurs in adult life, with a mean age incidence of about 40 years (Stout, 1946) and is extremely rare, the fully mature muscle cell not being prone to neoplastic change. In their series of 55 cases of orbital rhabdomyosarcomata, Porterfield and Zimmerman (1962) identified no tumour of this type, although Reese (1963) felt that some of their more 'differentiated' cases might be so classified.
The second group is more common and occurs in children and adolescents, the growth tending to arise in particular sites and most commonly where no striated muscle is normally present, as in the genito-urinary or biliary passages (Horn, Yakovac, Kaye, and Koop, 1955) . These tumours apparently originate in embryonic mesenchymal tissue which is either prospective muscle or undifferentiated mesenchyme capable of heteroplastic muscle differentiation (Willis, 1948; , and cannot, therefore, be strictly classified on a histogenetic basis as rhabdomyosarcomata. It is usual to call them embryonal sarcomata or embryonal rhabdomyosarcomata, although histologically they may be indistinguishable from the adult type of rhabdomyosarcoma, as shown in the study of Phelan and Juardo (1962) .
Some pathologists prefer to reserve the term embryonal rhabdomyosarcoma for those neoplasms where definite cross-striations may be demonstrated (Lorenz, 1904; Constance, 1955; Ashton, 1958) , while others believe that the rhabdomyoblast is sufficiently characteristic to be recognized without cross-striations, describing all these tumours as rhabdomyosarcomata whether cross-striations are found or not (Genevet, 1900; Rakov, 1937; Ober, Palmer, and Glassy, 1953) .
Norman Ashton and Gwyn Morgan although absent in the primary growth, cross-striations may be found in recurrences and vice versa, so that there would not appear to be any importance in distinguishing between the two histological pictures, unless they could be linked with a differing behaviour or prognosis.
In this present study af 34 The clinico-pathological details of the whole series are briefly summarized in Tables I, II, and III, and  eight cases have been selected to illustrate the typical  features. EMBRYONAL SARCOMA CASE 10 A male (A.B.), aged 6 years, presented with proptosis of the right eye in April 1945. Excision of an orbital tumour was followed by irradiation. The lesion was diagnosed by the hospital pathologist as a fibrosarcoma. The sections of the tumour were first seen in this department in April 1956 when the patient was being examined at a follow-up clinic. They showed an embryonal sarcoma consisting of primitive mesenchymal cells, pleomorphism being a prominent feature. Some of the cells had vesicular nuclei, and mitoses were common. Rhabdomyoblasts, however, were not identified.
The patient was alive and well 19 years after onset with no evidence of recurrence.
CASE 30 A male (S.J.), aged 3 years, developed proptosis of the left eye in June 1962 due to a tumour in the floor of the orbit, extending into the apex. Excision of the tumour was followed by irradiation. There was an orbital recurrence in January 1957 (Fig. 4 ) and histological examination showed the same picture as previously.
The patient died in May 1957, 22 months after the onset.
Post-mortem examination showed tumour extension into the frontal and sphenoidal bones with destruction of the pituitary gland (Fig. 5 The recurrence enlarged and was widely excised in January 1956.
Histological examination showed two polypoidal masses consisting of round, ovoid, spindle, and strap-like cells, the latter having abundant, eosinophilic cytoplasm. Cross-striations were present and many of the cells resembled mature muscle fibres (Figs. 7 and 8 ).
There was a recurrence in the orbit (Fig. 6b ) which responded to irradiation (Fig. 6c) examination showed a malignant tumour with numerous strap-like rhabdomyoblasts. Cross-striations were not seen. A course of irradiation was given, but in June 1956 exenteration of the orbit was carried out following an orbital recurrence (Fig. 11 ). The histological picture was similar to that previously seen. A recurrence in the exenterated orbit was observed in September, 1956 (Fig. 12 ) and the patient died in February 1957, 15 months after the onset.
Post-mortem examination showed metastases in the lungs and diaphragm, and striated rhabdomyoblasts were present in the orbital tumour and lung metastases. Histological examination of the mass revealed sheets of neoplastic cells with hyperchromatic nuclei, marked pleomorphism, and many mitoses (Fig. 13) . Many of the cells had abundant eosinophilic cytoplasm, and some were pear-shaped or strap-shaped (Fig. 14) . Crossstriations were demonstrated.
During the period February 1960 and January 1961, exenteration of the orbit was performed in Sweden. A metastasis in a lymph node in the region of the right parotid gland was treated by irradiation in November 1961, and in May 1962 the lymph node appeared reduced in size. A further lymph node was noted at the angle of the right jaw in September, 1962, but the patient was alive and well, without recurrence, in August 1964, 57 months after the onset.
CASE 33 A male (D.N.), aged 3 years, complained of a swelling of the right upper lid for two weeks apparently precipitated by a blow (Figs. 15 and 16 ). The eye was proptosed downwards, and the lower palpebral conjunctiva was exposed. A biopsy was performed. The histological picture showed a mixture of primitive mesenchymal cells and rhabdomyoblasts; scanty cross-striations were demonstrated.
Irradiation was unsuccessful, the tumour gradually increasing in size, and in June 1964 exenteration of the orbit was carried out. The patient was alive and well in July 1964, five months after the onset.
Electron microscopical examination of the tumour showed actomyosin filaments in the cytoplasm of the neoplastic cells (Fig. 17) . Both thick and thin actomyosin filaments were seen, the former measuring approximately 150 A units and the latter 50 A units in width. Ribonucleoprotein particles, normally present in cells engaged in protein synthesis, were found in close association with these filaments, and it seems reasonable to assume that they are enaged in the synthesis of actomyosin. Kroll, Kuwabara, and Howard (1963) examined two cases of rhabdomyosarcoma electron microscopically and demonstrated similar actomyosin filaments in one of the tumours which had shown cross-striations when examined by the light microscope. Actomyosin filaments were not seen, however, under the electron microscope in the other tumour which was a non-striated rhabdomyosarcoma. Friedman, Harrison, Tucker, and Bird (1965) LOCATION The right side was more frequently involved than the left (R 20:L 14), but there was no special tendency for the upper and inner portions of the orbit to be involved as in the cases of Reese and Calhoun (1941) and Porterfield and Zimmerman (1962) . In none of the 34 cases in the series was there any evidence of the neoplasm having originated in the extraocular muscles. The localization of the tumours is summarized in Table IV. . In contrast with most malignant tumours, these growths may differentiate as the case progresses. This is well illustrated in case 7 where cross-striations were absent in the primary and recurrent growths, but were apparent at post-mortem examination. The stroma, which may show non-specific mucoid degenerative changes, is sometimes excessive in amount (cases 8, 20, 25, and 30) .
In 1956 Riopelle and Theriault described a form of rhabdomyosarcoma consisting of an interlacing framework of connective tissue surrounding groups of tumour cells, some of which adhere to the septa while others lie loosely in the spaces, and they named it 'alveolar rhabdomyosarcoma'. In a study of 170 cases of rhabdomyosarcoma of the head and neck by Dito and Batsakis (1962) four were classified as alveolar (2-4 %), whereas in the series of orbital cases described by Porterfield and Zimmerman (1962) 140% were of this type, with a tendency to be located in the lower part of the orbit and to carry a .:
.14; ...K. Treatment is analysed in Table V . The commonest forms of treatment were excision followed by exenteration and irradiation, and excision followed by irradiation. The general methods of radiotherapy involved the external application of high energy sources or the implantation of radioactive materials emitting gamma rays (radium needles or tantalum wire). The dosage was usually in the region of 5,000 rads over a period of five to eight weeks. Case 18 (Table II) FOLLOW-UP It is known that the prognosis of rhabdomyosarcoma in the head and neck is extremely poor (Patton and Horn, 1962; Koop and Tewarson, 1964) although it has been reported to be somewhat better in the orbital cases (Dito and Batsakis, 1962 RECURRENCES AND METASTASES Orbital recurrence occurring within 20 months of onset was seen in 21 of 29 patients, and, as to be expected, it was a bad prognostic feature for 15 of these patients died in less than two years and one within four and a half years of the appearance of the primary lesion. Five patients died with metastases, the lungs being the most commonly affected organ, a finding in accord with that of Frayer and Enterline (1959) . On the other hand, neither recurrence nor metastases were necessarily fatal; cases 9 and 13 have survived eight and a half and seven years respectively after local recurrence, while cases 9 and 20 have survived metastases in pre-auricular lymph nodes.
LONG SURVIVAL The fate of 22 cases after a period of three years or more is known; of these, seven survived, giving a three-year survival rate of 32%, which may be compared with 47 % quoted by Reese (1963) in a series of 44 cases. The fate of 20 cases after a period of five years is known; of these only four have survived, giving a five-year survival rate of 20%, which is better than the five-year survival rate of head and neck tumours as a whole (8-2%; Dito and Batsakis, 1962) . Of the four surviving patients, one is alive after 19 years, one after eight and a half years, one after seven years, and one after five years (Table VII) . (Table VII) . For instance, early exenteration of these tumours has been strongly advocated as the treatment of choice (Porterfield and Zimmerman, 1962; Reese, 1963) , but of our four long-term survivors (five years or over) early exenteration was performed in only one (case 17), while the two longest survivors were treated by simple excision followed by irradiation (cases 9 and 10). In the whole series the five-year survival rate for primary excision (with or without irradiation) was 25 %, and for primary exenteration (with or without irradiation) was 14 %. We therefore agree with Lederman (1956) that at the present time there is no conclusive evidence to show that immediate exenteration is advantageous. It has been stated that these tumours are radioresistant, whether extra-orbital (Geschickter, 1934; Rakov, 1937; or intra-orbital (Reese and Calhoun, 1941; Reese, 1951; Offret, 1951) , and it seems that this opinion is substantially true for in at least eight of the cases in this series (cases 6, 8, 12, 13, 15, 16, 18 , and 19) irradiation was ineffective. Nevertheless, although rarely radiocurable, they may be highly radiosensitive initially, and Lederman (1956) advocates that radiotherapy should always be used in the first instance and it may be of value in controlling recurrences, as in our cases 9, 20 (apparently cured) and case 26 (untraced). These encouraging reactions, however, have little influence on the ultimate outcome. In the series of 55 cases of Porterfield and Zimmerman (1962) not one of the patients whose primary treatment was irradiation survived longer than three years. Only one of our cases (case 8) was treated primarily with irradiation, and he died within 17 months.
We can refer only briefly to the efficacy of chemotherapy, for our follow-up includes only two cases treated in this way. Some success with actinomycin D alone and in combination with x-ray therapy has been reported (Farber, Toch, Sears, and Pinkel, 1956; Pinkel, 1959; Tan, Dargeon, and Burchenal, 1959) , and Koop and Tewarson (1964) 
